Projet scientifique. Un modèle intégré du manguier : acquisition et intégration de connaissances sur le système plante-ravageurs en un modèle de simulation pour l'analyse du fonctionnement de vergers de manguiers et la conception de vergers durables à la Réunion by Grechi, Isabelle
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Call for Proposals 2012 under the key action DAMAGE of the SMaCH meta-program 
1. GENERAL INFORMATION ABOUT THE PROJECT
Title Modeling quality losses caused by pests on temperate and tropical perennial fruit 
crops: a generic framework for theoretical and applied issues 
Coordinators Michel Génard  
INRA, UR PSH 
Isabelle Grechi  
CIRAD, UR HortSys 
Domaine St Paul, Site Agroparc, 84914 Avignon Cedex 9 
Email: michel.genard@avignon.inra.fr; Tel: +33432722458 
Bvd de la Lironde, TA B-103/PS4, 34398 Montpellier Cedex 5 
Email: isabelle.grechi@cirad.fr; Tel: +33467593120 
Main research 
partners 
INRA, UR11115 PSH (Plants and cropping Systems in Horticulture), Avignon 
INRA, UR1052 GAFL (Genetic Improvement of Fruits & Vegetables), Avignon 
CIRAD, UR103 HortSys (Agroecological functioning and performances of horticultural 
cropping systems), Montpellier & La Reunion 
Other French and 
foreign partners 
France: CIRAD/INRA/SupAgro, UMR QualiSud (Integrated food quality system); INRA, 
UERI Gotheron (Experimental research unit). Italy: Polytechnic of Milan, DEI 
(Department of Electronics and Information). Senegal: UCAD (University Cheikh Anta 
Diop of Dakar); ISRA, CDH (Senegalese Institute for Agricultural Researches, Centre for 
Horticultural Development). Benin: IITA (International Institute of Tropical Agriculture) 
Duration & Budget 3 years; 60 k€ 
2. PROJECT DESCRIPTION
Project summary 
In Northern and Southern countries, fruit crops are facing great pest pressures that can result in fruit production 
losses. These losses, resulting from direct or indirect fruit damage - pests can indeed directly attack the fruits (organs 
'sinks') or attack the vegetative parts of the tree (organs 'sources') - are both quantitative and qualitative. Past research 
focused mostly on quantitative losses (i.e., yield losses). Yet fruit quality (i.e., visual appearance, sensorial, 
nutritional or sanitary properties) and fruit shelf-life have growing importance in market requirements. We propose a 
generic process-based modeling framework to analyze and quantify losses in fruit quality induced by pests, 
considering a multi-criteria quality. We will also consider the consequences on fruit quality of management practices 
and crop genotypes usually adopted to cope with yield losses. This framework will allow (i) comparing the losses 
according to the type of pest impact (on 'sources' vs. 'sinks'), (ii) studying losses at different time scales (from the 
single year to the orchard life), and (iii) considering the trade-off between yield and quality losses in the context of 
biotic stress. The modeling framework will be based on existing models developed by the partner teams, including 
‘virtual’ fruits and trees targeted on quality and/or taking into account 'sources' or 'sinks' infestations, as well as on 
team knowledge and literature data. We aim to develop a theoretical modeling framework of general value, and then 
apply it to three model pathosystems: mango-fruit fly (Bactrocera and/or Ceratitis spp.) in tropical environment, 
peach-brown rot (Monilinia spp.) and peach-aphid (Myzus persicae) in temperate environment. This project will be a 
’starter‘ for a more ambitious project aiming (i) to test the application range of the proposed modeling framework on 
different fruit-based pathosystems and consolidate this framework, (ii) to elucidate new research questions raised by 
modeling and simulations, and (iii) to address the plural economic dimension. It would involve multidisciplinary 
partners from national institutions, but also teams from foreign countries. It could be integrated into computing 
platforms and gain advantages from scientific interactions with modelers’ communities pertaining to these platforms. 
Specific objectives and Expected results 
• Specific objectives: 
(1) Define a theoretical modeling framework of general value for perennial crops to analyze and quantify 
losses in fruit quality and yield caused by direct and indirect fruit damaging pests in both tropical and 
temperate environment. The framework will be used to address three main issues in the analysis of pest-induced 
crop losses, while considering the effect of management practices and crop genotypes chosen to limit yield losses: 
i. to compare production losses according to the type of pest impact (i.e., direct fruit damaging pests attacking 
'sinks' organs vs. indirect fruit damaging pests attacking 'sources' organs) 
ii. to analyze how production losses are related to time scales in the case of indirect fruit damaging pests  
iii. to analyze trade-offs between yield losses and quality losses in the context of biotic stress in the case of 
direct fruit damaging pests
$	'%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The project will also help in identifying the data to be acquired in order to calibrate specific modeling modules and 
validate the theoretical model for each of the three pathosystems, or to elucidate new research questions raised by 
modeling and simulations (cf. above). Confronting the peach and mango species within a same modeling framework 
will also help in identifying general and species-specific features. 
(2) Reinforce collaborative and scientific exchanges between the research partners and with other scientific 
communities. The project will give the opportunity to consolidate the scientific relationships already existing 
between the PSH, HortSys and GAFL partners. It will contribute to share concepts and tools between the partners, 
and to promote the emergence of generic modeling modules (cf. above). It will also take advantage of the partners 
knowledge and expertise on a range of disciplines including genetic, eco-physiology and modeling (cf. §2.5). 
Partners could also integrate the modeling framework into computing platforms (e.g. OpenAlea; Pradal et al. 2008) 
and gain advantages from new collaborations with the scientific communities of these platforms.  
(3) Preparing a pre-proposal framework for application to more ambitious and international projects. This 
project will be a ’starter‘ for a more ambitious project that would involve multidisciplinary partners from national but 
also foreign research teams, and aims: (i) to test the application range of the proposed modeling framework on 
different fruit-based pathosystems, and consolidate this framework, (ii) to elucidate new research questions raised by 
modeling and simulations (cf. above), and (iii) to address the economic dimension by considering its plural facets 
(e.g., food regulations, markets and labels, yield/quality trade-offs, consumer attitudes, etc.). Possible French partners 
could be from INRA, CIRAD, INRIA, INH institutes. Foreign partners could be teams with skills in theoretical and 
mathematical ecology (e.g., groups of M. Gatto at the Polytechnic of Milan, A.P. Gutierrez at University of 
California at Berkeley, T.G. Martin at CSIRO) and in agroecology on fruit plant-pests relations (e.g., partners, 
contributors to the ECA (Epidemiology Canopy Architecture) 2012 conference). 
• Expected deliverables: a generic modeling framework, student reports, publications and communications, a 
proposal for an ambitious international project. 
Methodology & Anticipated research steps 
(1) Step 1_Building the modeling framework. A generic eco-physiological fruit tree model has been developed on 
peach (‘QualiTree’; Lescourret et al. 2011). It simulates the effects of current year cultivation practices (i.e., pruning, 
fruit thinning, irrigation and tree training) on the intra-tree variability of fruit quality. In this project, the modeling 
framework, common for both peach and mango crops, will root on the ‘QualiTree’ model. It will also be based on 
other models developed by the partner teams as well as on team knowledge and literature data, including those 
acquired within projects involving the partners (e.g., APMed
4
 for peach-aphid-irrigation interactions, PIMAN
1
 for 
fruit quality build-up on mango, WAFFI
1
 for fruit fly population dynamics and damage to mango). When few data 
are available, new experimental data will be acquired. On Peach, the ‘QualiTree’ model will be enriched with the 
description of plant-pest interactions (P1). It will be linked to models representing fruit micro-cracking, fruit 
contamination by brown rot (Gibert et al. 2009) and functional peach-aphid interactions (Grechi et al. 2010, 2012) 
under the control of cultivation practices, and their effect on fruit yield and basic quality criteria. Currently, a ‘virtual 
fruit’ model of fruit growth, developed at the fruit bearing stem scale and integrating both the dry matter and the 
water accumulation within the fruit, has been completed by considering tissue composition in sugars and acids 
(Génard et al. 2007). It will be used to extend the range of fruit quality criteria considered in the ‘QualiTree’ 
model (P2). The ‘QualiTree’ model will also be improved with more accurate descriptions of management effects 
and links between consecutive years will be established to deal with long-term effect of pest infestations and 
management on fruit production (P3). On Mango, we will adapt the ‘QualiTree’ model to mango species (M1).
We will mostly rely on a model of fruit growth and quality build-up that is developed at the fruit bearing stem and 
tree scales, based on eco-physiological concepts (Léchaudel 2005). It assesses the harvest date, weight, sugars and 
acids contents of fruit. It will be enriched with elements on fruit maturity and elaboration of secondary fruit 
compounds (i.e., aroma volatiles) (PhD of Nordey 2011-14). We will also benefit from additional knowledge on 
yield and fruit quality built-up and on the relationships between the maturity of host fruits and fruit flies that are 
being acquired in West Africa context (PhD of Diatta 2012-15; ISRA, CDH/ UCAD, Senegal). Scientific knowledge 
is also acquired on the phenology, growth and development of mango tree (PhD of Dambreville 2009-12) for further 
modeling. However, progresses in the modeling of mango-fruit fly interactions are few and a lot remain to be done. 
We will identify factors (mostly fruit traits) and processes presumably involved in mango fruit attractiveness 
and sensitivity for fruit flies (M2), based on a bibliographic review and an experiment study. These preliminary 
results will serve to develop and calibrate a model accounting for mango-fruit fly relationships in link with the 
mango ‘QualiTree’ model (M3). An eco-physiological based model will be preferred. Its development will depend 
highly on the compounds identified in step M2, and our ability to model their synthesis pathways. If it is not possible, 
an empirical model of fruit sensitivity for fruit fly attacks (approximation of a ‘sensitive maturity index’) will be 
developed. Finally, the ‘Qualitree’ model for mango will represent the dynamics of fruit quality build-up and 
                                                 
4 APMed : Apple and Peach in Mediterranean orchards – Integrating tree water status and irrigation management for coping with water scarcity 
and aphid control ; PIMAN : Integrated production of mangoes, pineapples and other tropical fruits, WAFFI : West African Fruit Fly Initiative. 
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potential fruit fly damages for one mango vegetative and fruiting flush. For both crop species, genetic control of plant 
functioning, quality build-up and fruit or plant susceptibility to pests will be accounting by means of parameters for 
different related processes represented in the model. Model validation will be qualitative and subjected to ‘system’ 
data availability. 
(2) Step 2_Analyze of fruit losses caused by pests. We will use the modeling framework for simulations, and 
analysis of their results will allow to answer the three main issues related to pest-induced fruit losses listed in §2.3.1. 
First, the issue about the type of pest impact will be addressed on peach crop by comparing losses caused by brown 
rot vs. those caused by aphid (i.e., direct vs. indirect fruit damaging pests). Second, the issue about time scales will 
be addressed on peach crop by comparing losses induced by successive aphid infestations and levels of aphids the 
crop can tolerate over time, from the single year to the orchard life. Third, the issue about trade-offs between 
quantitative vs. qualitative losses will be addressed by analyzing how fruit quality and risk of yield losses caused by 
fruit fly on mango and by brown rot on peach evolved with fruit development and maturation. For all these 
simulation analyses, the genetic and cultivation controls will be considered by varying the values of genetic and 
cultural parameters within a range of ‘potential’ values obtained from team expertise or literature data. In further 
project, model-based optimization approach may be used to find genotypes and cultural scenarios (i.e., combinations 
of parameters values) able to maintain satisfying fruit yield and quality under biotic stress. 
Milestones: 
Year 
1 
Kickoff meeting: it will be restricted to main research partners to share all available models and tools 
Step 1_Building of the modeling framework: on Peach (P1,P2,P3) and on Mango (M1)
Year 
2 
Step 1_Building of the modeling framework: on Peach (P1,P2,P3) and on Mango (M1,M2,M3)
Year 
3 
Step 2_Analyze of fruit losses caused by pests. 
Final meeting: it will be organized to share the main results of the project and will be open to 
researchers other than main partners to promote scientific exchanges and collaborations, in particular to 
prepare a proposal for an ambitious international project in continuation of the present project.
Research partners & Budget 
• Team and specific competencies of the main research partners: 
GAFL Team: B. Quilot
HortSys Team: I. Grechi, M. Léchaudel, F. Normand, J.-Y. Rey (CIRAD/ISRA), J.-F. Vayssières (CIRAD/IITA)
PSH Team: D. Bevacqua, M. Génard, F. Lescourret, M—M. Ould-Sidi
• Provisional budget: 60 k€  
Expenditure item Year 1:                         
20k€ 
Year 2 :                      
20k€ 
Year 3:                      
20k€ 
Undergraduate student 
training (grants) 
1
-3 students (step 1: P1, P2, 
M1):                          9000€
-3 students (step 1: P3, 
M2, M3):                
9000€ 
-2 students (step 2 on 
peach/mango):      6000€ 
Equipment & functioning for 
computing, experiment, etc                                    
8500€ 
   
                                 
8500€ 
                                 
8500€ 
Visio-conference and travel 
for scientific exchanges 
between the partners 
(including for co-supervision 
of students), and meetings
-Kick-off meeting 
-Scientific exchanges  
                                   
2500€ 
-Scientific exchanges  
                                 
2500€ 
-Final meeting, with 
support for guest 
researcher(s)  
- Scientific exchanges 
                                 
5500€ 
1 co-direction by partners of two teams will be preferred  

 
